The ability of skeletal muscle to self-repair after a traumatic injury, tumor ablation, or muscular disease is slow and limited, and the capacity of skeletal muscle to self-regenerate declines steeply with age. Tissue engineering of functional skeletal muscle using 3D bioprinting technology is promising for creating tissue constructs that repair and promote regeneration of damaged tissue. Hydrogel scaffolds used as biomaterials for skeletal muscle tissue engineering can provide chemical, physical and mechanical cues to the cells in three dimensions thus promoting regeneration. Herein, we have developed two synthetically designed novel tetramer peptide biomaterials. These peptides are self-assembling into a nanofibrous 3D network, entrapping 99.9% water and mimicking the native collagen of an extracellular matrix. Different biocompatibility assays including MTT, 3D cell viability assay, cytotoxicity assay and live-dead assay confirm the biocompatibility of these peptide hydrogels for mouse myoblast cells (C2C12). Immunofluorescence analysis of cell-laden hydrogels revealed that the proliferation of C2C12 cells was well-aligned in the peptide hydrogels compared to the alginategelatin control. These results indicate that these peptide hydrogels are suitable for skeletal muscle tissue engineering. Finally, we tested the printability of the peptide bioinks using a commercially available 3D bioprinter. The ability to print these hydrogels will enable future development of 3D bioprinted scaffolds containing skeletal muscle myoblasts for tissue engineering applications. 
Introduction
Approximately half of human adult body mass is muscle tissue. Skeletal muscle tissue carries out various functions in the body such as respiration, protection of abdominal viscera, and controlling movements of limbs [1] . Muscle tissue has a native ability to regenerate/ repair. However, muscle damage that is larger than a critical volume is more challenging to fix via natural physiological processes which causes muscle tissue loss and functional weakness [2] . Surgical intervention may be required to restore normal function and prevent scar tissue formation [3] . Clinical conditions such as tumor resection, traumatic injuries, and muscular dystrophy may result in volumetric muscle loss. These ailments affect millions of people worldwide and cause significant economic and social problems [4, 5] . Autografting is the current gold standard to treat substantial skeletal muscle loss/damage. However, there are some bottleneck issues in surgical tissue grafting techniques such as donor site morbidity, loss of function at the donor site and shortage of healthy Tissue engineering is an alternative approach for volumetric muscle loss treatment and organ fabrication [6] , where the use of biological scaffolds are being explored. These structures have been fabricated to deliver the aesthetic and functional needs of skeletal muscle tissue regeneration and have been tested in vitro and implanted in vivo to facilitate the native functions of the damaged tissue [7] [8] [9] . However, there are a few negative outcomes associated with autologous cell-laden simple scaffolds such as high complexity cell encapsulated scaffolds [10] [11] [12] [13] [14] . Three-dimensional bioprinting technology is a promising technique, constructing 3D structures to fabricate platforms used for tissue engineering and regenerative medicine [15, 16] . The scaffold is a major component of a tissue-engineered construct that is made from biomaterials with 3D architecture. It provides a microenvironment that accommodates more cells, promotes cell adhesion and proliferation. Despite its promise, the lack of suitable bioinks has constrained the development of bioprinting technologies. Biocompatibility, biodegradability, non-immunogenic, non-mutagenic and non-hemolytic scaffolds are essential properties for the long-term culture of cells and engineered tissue for implantation to avoid adverse physiological side effects. Several biomaterials have been used in vitro as bioinks [17, 18] . Scaffolds from self-assembling peptides are of particular interest for bioprinting due to their synthetic but natural background. They have been used as biomaterials for applications in regenerative medicine and as matrices for the delivery of encapsulated bioactive molecules for therapeutic applications [18] [19] [20] [21] [22] . The peptide scaffolds were used in injectable forms enabling more accurate and localized delivery of cancer drugs which in turn helped to reduce harsh side effects generally associated with cancer treatments [23] . Ultrashort amphiphilic peptides also showed accelerated skin regeneration when used a burn wound dressings [24] . Scaffolds aimed for skeletal muscle tissue engineering must be capable of accommodating more cells and promoting the formation of highly aligned myofibers throughout the construct [25] [26] [27] [28] . Porous scaffolds with aligned morphology in 3D, micro/nanofibrous structures have been studied for skeletal muscle tissue engineering [29] . It is imperative for a successful skeletal muscle platform to present the right kind of structural cues to pre-align muscle cells to enhance myogenic differentiation and myotube formation [30, 31] . Many hydrogels have been used and evaluated for their cellular activity, mechanical properties, and myogenic potential. There is still need to find the most appropriate material which has the efficacy to maintain mechanical stability and promote myotube formation [32] . The 3D network of short self-assembled peptides nanofibrous hydrogels has shown to support pluripotent stem cells survival and differentiation [33] . Herein, we have tested the biocompatibility of two different tetramer selfassembling peptides for 3D cell culture of mouse myoblast (C2C12) to validate the effectiveness of these peptide bioinks for long-term cell viability in 3D. We found that the 3D cultured cells within the hydrogels preserve cells viability and promote growth and alignment of mouse myoblast cells. Moreover, 3D cultured cells using our scaffold start replacing the degrading hydrogel by secreting their matrix. We also tested the printability of these peptide bioinks by using a commercially available 3D bioprinter. We propose that these peptide bioinks could be promising biomaterials for 3D bioprinting and tissue engineering applications.
Materials and Methods
Two tetramer self-assembling peptides CH-01 and CH-02 were procured from Bachem AG, (Budendorf, Switzerland). Mouse myoblast cells (C2C12) were purchased from (ATCC, USA). Dulbecco's Modified Eagle Medium (DMEM), fetal bovine serum (FBS), Dulbecco's phosphate-buffered saline (PBS) solution, and penicillin-streptomycin antibiotics (P/S) were purchased from Gibco (Grand Island, USA). CellTiterGlo ® Luminescent 3D cell viability assay kit was procured from Promega (Madison, USA). MTT Cell Proliferation Assay kit, Cytotoxicity assay kit (CytoTox96) and LIVE/DEAD ® Viability/Cytotoxicity Kit were purchased from ThermoFisher Scientific, USA, Promega, USA and Life TechnologiesTM, USA, respectively. Immunostaining antibodies antivinculin and Rhodamine-Phalloidin were purchased from (Invitrogen, USA), and anti-mouse IgG-FITC was purchased from Sigma, USA. T175 or T75 cell culture flasks and 96-well plates were procured from Corning, USA.
Hydrogel Preparation
Two tetramer peptides CH-01 and CH-02 were used in this study. Peptides were synthesized by Bachem AG, (Budendorf, Switzerland) using solid phase peptide synthesis and purified to above 95% via HPLC. Lyophilized peptide powder was dissolved in Milli-Q water and vortexed to get a homogenous solution. Subsequently, 10× phosphate buffered saline at the final concentration of 1× was added to the peptide solution and vortexed briefly. Gelation occurred within a few seconds in CH-01 at 4 mg/mL and CH-02 at 3 mg/mL peptide concentration. Alginate-gelatin was used as a positive control.
Alginate-gelatin was prepared by mixing an equal amount (1:1) of each content; then serial dilution 3 was made from the stock solution. Briefly, gelatin (porcine skin type A, Sigma) was dissolved at 30 mg/ mL in Milli-Q water under constant stirring at 40 °C, then autoclaved. After that, 30 mg/mL of Alginic acid sodium salt powder (Sigma) was dissolved in the gelatin solution. The resultant alginate-gelatin solution was then ionically crosslinked by calcium chloride (CaCl 2 , 150 mM, Sigma) for 5 min. Finally, calcium chloride was removed and corsslinked alginate-gelatin was washed with phosphate buffer saline.
Scanning Electron Microscopy Analysis
The hydrogels were dehydrated using gradient ethanol: 30, 50, 70, 90 and 100% was used for dehydration, each step for 15 min. Further dehydration was done twice in 100% ethanol for 15 min each. The dehydrated samples were dried for 20 min in 1:2 solution of hexamethyldisilazane (HMDS): 100% ethanol, followed by 20 min incubation in a fresh solution of 2:1 HMDS:100% ethanol and then 20 min in 100% HMDS; the last step was repeated twice. Finally, the samples were left in a fume hood overnight with the container cap left loose. The samples were mounted onto sample holders using conductive tape, and then sputter-coated with Iridium 5 nm and Gold/Palladium 3 nm. The coated samples were then examined with field emission scanning electron microscopy system (FEI Nova Nano630 SEM, Oregon, USA).
Cell Culture
Mouse myoblast cells (C2C12) were cultured either in a T175 or T75 culture flask in complete DMEM media (10% fetal bovine serum, and 1% penicillin/ streptomycin). The cells were incubated in a humidified incubator with 95% air and 5% CO2 at 37 °C. The cells were subcultured by trypsin at approximately 80% confluence. The culture media was replenished every 48 h.
3D Culture of Myoblast Cells in Peptide Hydrogels
Mouse myoblast cells were encapsulated in peptide hydrogels in glass bottom dish (Nunc, 12 mm). Peptide solutions CH-01 (4 mg/mL) and CH-02 (3 mg/mL) were added to the plate at 40 μL/dish. Mouse myoblast cells (30,000 cells/dish) that re-suspended in 2× PBS were gently mixed with peptide solutions. Gelation occurred within 3-5 min, and subsequently, the culture medium was added to the dishes. On day 2, 4 and 8, the 3D cell viability assay, live/dead assay and cytoskeletal staining were performed.
Biocompatibility Studies

MTT Assay
Biocompatibility studies were carried out in 96-well plates. C2C12 were seeded at a density of 10,000 cells/ well and incubated overnight in the complete growth medium. The cell culture medium was replenished, and different concentrations of peptide solution were added to the wells. The wells without peptides were used as positive control. After 24 h incubation at 37 °C, a colorimetric MTT assay was performed to determine cell viability according to the manufacturer's protocol. Briefly, 10% MTT reagent was mixed with fresh serumfree medium and added to each well including positive control wells. The plate was incubated at 37 °C between 2-4 h, then, 100 μL of DMSO was added to each well to dissolve the insoluble crystals of formazan. Finally, a plate reader (PHERAstar FS, Germany) was used to read the absorption of individual wells at 540 nm.
Cytotoxic Assay
Mouse myoblast cells were seeded and treated with peptides according to the protocol described above. After 24 h incubation, 50 µL from the incubated medium with a different concentration of peptides and alginate-gelatin were transferred to a new 96-well plate followed by adding 50 µL of cytotoxic reagent and incubated for 30 min in the dark. Stop solution was added, and the release of lactate dehydrogenase (LDH) was quantified at 490 nm using a plate reader (PHERAstar FS, Germany).
3D Cell Proliferation Assay
CellTiter-Glo ® Luminescent 3D cell viability assay was performed to quantify ATP production in 3D hydrogels which reflect the number of metabolically active cells. After each time point, an equal amount of CellTiterGlo ® luminescent reagent was added to the 3D cultured hydrogels and mixed for 2 min to digest the hydrogels and then incubated for 25 min. Finally, the luminescence was recorded using a plate reader (PHERAstar FS, Germany).
Live/Dead Staining
Live/Dead fluorescence staining is a standard fluorescence imaging method used to visualize live cells (green) and dead cells (red). After each time point, the cell culture media was removed and incubated for 30 min in the dark in DPBS solution containing live/dead fluorescence staining (2 µM calcine for live cells (green) and 4 µM ethidium homodimer-1 for dead cells (red). Finally, the staining solution was removed and washed with fresh DPBS [33] . An inverted confocal microscope (Zeiss LSM 710, Germany) was used to observe and image the live and dead cells. 
Cytoskeletal Staining
The morphology of mouse myoblast cells was studied at each time point using immunofluorescence staining. In brief, the cells were fixed in 4% paraformaldehyde for 30 min. After the incubation, the cells were washed three times using DPBS. The cell membrane was permeabilized by incubating for 10 min in ice-cold permeabilization buffer (300 mM sucrose, 3 mM MgCl 2 , and 0.5% Triton X-100 in PBS solution). This solution was replaced with blocking buffer solution (5% FBS, 0.1% Tween-20, and 0.02% sodium azide in PBS) for 30 min. The permeabilized cells were then stained with antivinculin (1:300) for 1 h, then with anti-mouse IgG-FITC and rhodamine-phalloidin (1:300) for 1 h at 37 °C. After that, DAPI staining (1:100 water) was used to stain the nucleus for 5 min [33] . Fluorescence confocal microscopy (Zeiss LSM 710 Inverted Confocal Microscope, Germany) was used to observe the cell morphology.
Analysis of Myoblast Alignment
The alignment of myoblast cells within different scaffolds was determined using Fast Fourier transform (FFT) of fluorescence confocal image which shows the summation of pixel intensities in radial coordinates around the origin. The two-dimensional alignment plot was obtained using ImageJ software supported by an oval profile plug-in. Briefly, the color images were converted into grayscale images. Then, the FFT was applied to the grayscale images by placing circular projection on the FFT images. The summation of pixel intensities was measured along the radius of the circular projection for each angle (0 to 180°) using ImageJ oval profile plug-in. A two dimensional FFT alignment plot was produced by plotting the pixel intensities against the corresponding angle of acquisition. The degree of cells alignment was quantified through the shape and the height of the peaks [34] . The degree of alignment is indicated by a high and narrow peak whereas a broader peak means that more than one axis of alignment may be present. A random alignment will result in no distinguishable peak in the alignment plot [34, 35] .
Printability of Peptide Hydrogels
A commercially available extrusion-based 3D bioprinter was used to test the printability of peptide bioinks. The 3D bioprinter used has two extrusion printing heads that can print two different bioinks. The peptide bioink CH-02 (20 mg/mL in water) was loaded into a 3 mL cartridge and fitted onto one of the extrusion head of the printer. The extrusion head was connected to an external air supply source with a manual pressure regulator to extrude peptide bioink from the cartridge. A highly viscous solution of the peptide (20 mg/mL) bioink CH-02 was used so that it can be extruded from the printing nozzle. In case of lower concentrations of peptides (3 mg/mL or 4 mg/mL), we were unable to print due to the low viscosity of the peptides at these concentrations. Two different structures circle (8 mm diameter) and square (6 × 6 mm 2 ) were printed in a layer-by-layer fashion. The nozzle diameter was 400 µm, and an air pressure of 12 KPa with a printing speed of 4 mm/sec was used for the peptide printing. Finally, 2× PBS buffer was added on top of the ring or square structure to form the peptide hydrogel.
Statistical Analysis
All the results are presented as a mean ± SD
When the P-values were P < 0.05, the results were considered to be statistically significant.
Results
SEM Analysis of Peptide Hydrogels
The nanofibrous morphology of self-assembling peptides was evaluated using SEM and compared to those observed in bovine collagen ( Figure 1A , B, C) which comprises a unique triple-helical structure [36] . SEM results confirmed that both CH-01 ( Figure 1D , E, F) and CH-02 ( Figure 1G, H, I ) peptide hydrogels form a nanofibrous network. The detailed assessment of CH-01 ( Figure 1D , E, F) and CH-02 ( Figure 1G, H, I ) showed that the fibrous structures of these peptides resemble the fibrous structure of collagen in terms of architecture. 
Biocompatibility Studies
Cell Viability Results (MTT Assay)
The biocompatibility of both peptides was evaluated by testing cell proliferation after 24-h incubation with different peptide concentrations. Alginate-gelatin was used as a positive control (Figure 2A ). The number of viable cells was quantified using the MTT assay. A standard curve for a known number of cells was plotted to quantify the number of viable cells ( Figure 2B ). The test results indicated that there was a significant difference in cell proliferation between the peptides and alginate-gelatin as compared to the cell grown on tissue culture plate (TCP) without the addition of these biomaterials. This may be due to the nutrients depletion to the cells caused by the higher amounts of the peptide or alginate-gelatin biomaterials. Peptide bioinks CH-01 and CH-02 forms stable hydrogels at 4 mg/mL and 3 mg/ mL respectively as compared to 30 mg/mL of alginategelatin bioink. The cell proliferation was significantly decreased in the concentrations of alginate-gelatin required to produce alginate-gelatin hydrogel (30 mg/ mL) when compared to both peptides (Figure 2 ).
Peptides Cytotoxicity
Cell mortality was assessed by measuring the LDH release into the culture medium after 24 h incubation with different concentrations of both peptides. Our results revealed that there was no significant cytotoxicity induced by the peptide hydrogels ( Figures 3B and C) compared to alginate-gelatin ( Figure 3A) .
Cell proliferation and ATP Production in 3D Hydrogels
CellTiter-Glo ® Luminescent 3D cell viability assay was performed to quantitatively evaluate the potential of peptide hydrogels to support the spread of C2C12 cells in the 3D culture hydrogel. This test was conducted to check the biocompatibility of peptide hydrogels at CH-01 (4 mg/mL) and CH-02 (3 mg/mL). This test is based on the luminescence detection of the amount of ATP production which is correlated to the number of viable cells. This 3D assay result showed a timedependent increase in cell proliferation of the peptide hydrogels ( Figure 4 ). After day 2, the cell numbers were comparable between the CH-01, CH-02, and alginategelatin in 3D-culture. However, after day 4, the cell proliferation is significantly higher in CH-01 and CH-02 than alginate-gelatin. It is worth mentioning that on day 8, the cell proliferation was comparable between the peptide hydrogels and the control. In addition to this, the cell number in CH-01 were higher when compared to CH-02 and alginate-gelatin. 
Live/ Dead Assay Results
To further analyze the cellular compatibility of peptides, C2C12 cells were encapsulated in 4 mg/mL CH-01 and 3 mg/mL CH-02 and incubated for 2, 4 and 8 days. The biocompatibility and cytotoxicity of both peptides were tested qualitatively using live/dead staining. The intensity of green color indicated that the majority of cells were viable and that a negligible number of dead cells were observed after 2, 4 and 8 days of 3D-culture as shown in Figure 5 . This result indicates the biocompatibility of our peptide hydrogels in the tested concentrations.
Cytoskeleton Staining of C2C12 Cells in 3D Hydrogels
Actin morphology is direct evidence to show the compatibility of hydrogels, alignment of cells in 3D scaffold and differentiation efficiency of the cells. The biocompatibility of peptide hydrogels was studied in 3D culture hydrogel after 2, 4 and 8 days (4 mg/mL of CH-01, 3 mg/mL of CH-02 and 30 mg/mL of alginategelatin) By staining the F-actin and nucleus of cellladen hydrogels. After two days of culture, the F-actin filaments in C2C12 cells were well stretched and extended in all the tested condition ( Figures 6B, E and  H) . By day 4, the F-actin was well spread, extended and distinct in CH-01 ( Figure 6F ) while on CH-02 ( Figure  6I ) and alginate-gelatin ( Figure 6C ) they were dense but not well pronounced. Interestingly, it was observed hat myoblasts were aligned at a particular angle in CH-01 hydrogels which could be attributed to the fact that CH-01 provides a structural cue to the myoblast cells and help to align and proliferate. On day 8, the cell alignments were comparable on all the three hydrogels. F-actin was well stretched, spread and dense in CH-01 ( Figure 6G ), CH-02 ( Figure 6J ) and alginate-gelatin ( Figure 6D ). This result further confirms the live/dead staining and MTT assay results.
Myoblast Alignment within the Scaffold
The alignment of the cells was confirmed applying the two dimensional (2D) Fast Fourier Transform (FFT) algorithm. FFT alignment plots in Figure 7 illustrated that on day 2, the myoblast cells alignment was comparable in case of both peptides and alginategelatin bioinks. By day 4, a high degree of myoblast alignment was observed in both CH-01 ( Figure 7E ) and CH-02 ( Figure 7F ) as compared to alginategelatin ( Figure 7D ). It is worth mentioning that the myoblast alignment on day 8 was comparable in both CH-01( Figure 7H ) and CH-02 ( Figure 7I ). In contrast, a completely random alignment was shown in alginate-gelatin ( Figure 7G ) with no obvious peak in the alignment plot. 
Printability of Peptide Bioinks
Printability of peptide bioinks was verified using a commercially available 3D bioprinter. It was observed that these peptides bioinks are printable with a good shape fidelity that is essential for 3D bioprinting ( Figure  8A, B) . As a proof of concept, ring and square shapes were printed using the peptide bioinks. The dimensions of the printed circle were 8 mm outer diameter with 1 mm edge thickness. We used 400 µm nozzle and 3 layers to print a circle or square in a layer-by-layer fashion. The edge thickness of the circle and square was calculated to be 1 mm that means the peptide bioinks spread (600 µm) after printing and as a result, the edge thickness of the circle or square was increased as compared to the expected thickness.
Disscusion
Skeletal muscle tissue engineering is a promising field for diseased and injured tissue replacement and applications. Many technologies have been used to generate 3D muscle construct, but none of these methods has succeeded to mimic the gross native morphology of the tissues and organs [37] [38] [39] . On contrary, 3D bioprinting is a superior technology among several currents used techniques due to its accuracy in producing dense, cellularized construct with the advantage in producing scalable and customized tissue constructs in addition to the rapid and cost-effectivity [15, 26, 40] . On the other hand, lacking a proper biocompatible bio-ink with supportive mechanical properties for 3D cell culture is a major obstacle resulting in lack of cells deposition accuracy and structural organization [26, 41] . Therefore, new materials with improved physical, mechanical, and chemical properties are required to improve the muscle tissue engineering applications. We have developed a novel class of ultrashort peptides that self-assemble into hydrogels.
We have developed a novel class of ultrashort peptides that self-assemble into hydrogels. We observed the formation of ECM with a high level of viable cells inside the 3D peptide hydrogels over a period of eight days. An excellent printability and shape fidelity that is essential 
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for 3D bioprinting was observed with both peptides. Formation of ECM with a high level of viable cells was observed with the 3D-culture cell. The formation of cell-laden, viable printed constructs was accomplished the deposition process via cell embedded within decellularize ECM hydrogel [42] . It has been well known that alignment of scaffold architecture plays a significant role in the proper alignment of myofibers, which in turn induce the conduction of force and contractility towards the regeneration of functional skeletal muscle [43] . Our results showed that the myoblast cells encapsulated in the peptide hydrogel scaffolds demonstrated a high level of cell viability, as well as structural stability without the requirement for chemical cross-linking. The morphology and architecture of our hydrogels are similar to that of the natural ECM as shown in the SEM micrographs. SEM results have revealed a dense fibrous mesh network with a 10-15 nm thickness of the fibers, mimicking the architecture of the microenvironments found in the ECM [35] . Recently, the clinical importance of ECM based materials in tissue-engineering are highlighted for different tissue regeneration applications [44, 45] . The ECM based material enables the remodeling of construct at the damaged site and encourages the formation of a particular tissue rather than scar tissue formation [46] . Hydrogels prepared from natural polymers, such as alginate, gelatin, collagen, chitosan, etc., have been used for bioprinting [47] [48] [49] [50] [51] [52] . Alginate is a biomaterial from brown algae and widely used in various pharmaceutical and medical applications due to its biocompatibility and low toxicity [53] . Gelatin, a hydrolyzed form of collagen, has been widely used in wound dressing, as pro-angiogenic matrices and absorbent pads for surgical applications [54] [55] [56] . Alginate-gelatin blends have been used as carriers in drug delivery [57, 58] and wound dressing fibers [59] . Also, alginate-gelatin blends have been used as bioinks for 3D bioprinting applications [60] [61] [62] . In this study, we used alginate-gelatin blend bioink as a positive control. 3D cell viability results confirmed that the cells encapsulated in our hydrogels were healthy whereby the proliferation increased by day 8 and did not change the bio-reconstruction. CH-01 preserved higher cell numbers when compared to CH-02 and alginate-gelatin which could be attributed to the fact that CH-01 may be providing native cues and offers more surface area to the cells to divide and grow. Also, this peptide hydrogel has sufficient porosity to accommodate more cells and help in viability. Actin is a major cytoskeletal protein present in eukaryotic cells which gave information about cell shape and motility. This protein also has several other functions such as direct regulation of different transcription factors [63] . Immunofluorescence results of myoblast cells encapsulated in peptide scaffolds illustrated prominently well-organized actin fibers and alignment of myoblast over the scaffold. Since the reorganization of F-actin plays a crucial role in cell differentiation initiation, we concluded that our peptide hydrogels promote myoblast alignment and facilitate the synthesis of confluent myoblasts through stimulation of the adhesion proteins and cytoskeletal pattern which lead to prompt differentiation. These results do not eliminate the importance of studying the factors secretion by myoblasts and myotubes during culturing or embedded in the ECM that may also alter the scaffold stiffness [64] . Controlling the alignment of cells is critical for any tissue-engineered graft to enhance their functionality and to acquire a highly cellular organization [35] . Different cells have been proofed for their high degree of alignment including, neural cells [65] , cardiac muscle [66] , skeletal muscle [67] , corneal tissue [68] and vascular tissue [69, 70] . In particular, the alignment of skeletal muscle cells is essential to maximize the contractile power of the tissue [31] . Quantification of cellular alignment is necessary to check the effectiveness of biomaterials and the engineered microenvironment on the organization of cells. The alignment of myoblast cells was confirmed using a two dimensional fast Fourier transform (FFT) of the fluorescence images [34, 35] . Our results showed that myoblast cells aligned at a particular angle in CH-01 hydrogels after four days which could be attributed to the fact that CH-01 scaffolds provide a structural cue to the myoblast cells and help to align and proliferate. However, a completely random alignment has seen in the alginate-gelatin as illustrated in the alignment plot in Figure 7 . Finally, as a step towards 3D bioprinting applications of these peptide bioinks, we showed the printability of these peptides using extrusion based printing method. These results indicated that the peptide bioinks are printable and are a promising candidate for 3D bioprinting of muscle myoblasts cells to create elastic designed and accurately defined structures with a uniform distribution of cells within the construct that could lead to a better architectural organization of muscle cells for the development of skeletal muscle tissue engineering application.
Conclusion
Our results indicated that both peptide hydrogels offer a substantial increase in cell viability and promote cell growth and expansion of myoblast cells. Furthermore, we showed that high cell viability retained with 3D cultured constructs for at least eight days. We have also shown that both peptides are printable which opens up the possibility of 3D bioprinting of muscle myoblasts and other cell types in the future. We believe that the described results represent an advancement in the context of engineering skeletal muscle tissue, providing the chance to rebuild missing, failing, or damaged muscles parts in the future.
